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This report marks the end of the first phase of a long term
systems trial on phosphorus.  The objective of the work was to
define the minimum soil P necessary to ensure optimum
production in terms of milk.  If phosphorus applications are
minimised, the potential damage to the environment is
minimised.  Three herds (21 cows each) were managed on three
separate farmlets.  The objective was to have each herd graze on
land with it’s own soil P level.  The target soil P levels required
for herds 1, 2 and 3, were Indices 1, 2 and 3, respectively.  At
the end of this phase of the work these soil P targets were
achieved.  These were achieved by using no P fertiliser on
treatment 1, application of maintenance P on treatment 2 (14kg
p/ha) and 28 kg P/ha on treatment 3.  In the course of the four
years, grass growth, silage yields, milk yields and composition,
cow weights and body scores were recorded.  Soil phosphorus
levels changed slowly.  It took between 20 and 40 kg P/ha to
move Morgan’s P by one unit.  Silage yields and grazing sward
yields were not affected by phosphatic fertiliser treatments.  The
P status in silage was significantly reduced in the low P
treatments in three out of the four years.  This resulted in lower
P levels in the slurry in the low P treatments.  In the fourth year
P status in the grazing swards was consistently reduced in the
low P treatment.  Milk yields and composition were not
influenced by P treatment.  There was some evidence that cow
weight and body score of cows were adversely effected in the low
P treatments towards the end of the trial.  
In the next phase of the work, phosphorus will be applied to all
three treatments at similar rates, i.e. maintenance dressings of
P will be applied to cows grazing on soils with Indices 1, 2 and
3, respectively.  It is concluded at the end of this phase that
there may be some scope for modifications to the index system
as is currently recommended by Teagasc.  It will be in 2001
before the extent of changes that can be made will be quantified
and implemented.
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SUMMARY
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SUMMARY
1. Soil phosphorus levels change very slowly.  In these trials it
took between 20 and 40 kg P/ha removed to change the soil
P by one unit.
2. In the small plot trials,  the dry matter yields on ‘heavy’ soils
and ‘light’ soils were not significantly influenced by
phosphorus fertiliser treatment.
3. At low soil P levels (Soil P 2.5) the soil contributed over 20 kg
P/ha,  ensuring that high yields were maintained.  There
was some evidence that the amount of P contributed by the
soil was declining in the zero P treatment as the years
passed.  This trial needs to be continued.  The results do
suggest that, to date,  the contribution of soil (‘fixed’) P to
plant-available P has been underestimated.
4. In the large scale trial, three herds of cows were managed on
three farmlets with the objective of having each farmlet at its
own soil P level.  During this project,  in Treatment 1 no P
was applied.  In Treatment 2, 14 kg P/ha was applied while
in treatment 3,  28 kg P/ha was applied in all years.
5. Phosphorus fertiliser had little or no influence on silage DM
yields.
6. Phosphorus fertilisers led to an increase in the P content of
the silage sward.
7. The P content of the slurry increased as the  P application to
the silage area increased;  varying from 0.62 mg/l of slurry
in the low P treatment to 0.70 mg/l of slurry in the high P
treatment.
8. Mean herbage on offer to cows was not significantly different
between treatments,  although there was some evidence that
early grass was a little earlier in the plots with high soil P
status,  than that grown in the low P plots.  This is a crucial
area, and the information to date on it is unsatisfactory.
This work is continuing.
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CONCLUSIONS
9. Phosphorus status in the grazed herbage declined in the low
P plots as the years progressed.  At the commencement of
the trial mean herbage P was 3.6 g/kg in the low P
treatment, while in year 4 it had declined to a mean of 2.6
g/kg.  This is well below what is required to meet the P
nutritional requirements of lactating dairy cows.
10. Milk yields, milk composition and P levels in blood of cows
were not significantly influenced by soil P or phosphatic
fertiliser.
11. Towards the end of this trial, cows weighed a little lighter at
the end of the season in the low P treatment, than they did
in high P treatment.  Cows were also a little thinner in this
treatment.
12. Thus, in the low P treatment, where the soil was 3.0 – 3.1
mg/l and where no P was applied there were suggestions
that production was beginning to be adversely effected.
13. The next phase of this work has begun.  In this phase
similar maintenance dressings of P are being applied to the
three soils in all three treatments.
14. This trial does suggest that there is scope for further
modification to the phosphorus recommendations.
Recommendations are currently divided into two sections:
a) Application of P to balance P offtakes and this part of
the advice will remain, although there is evidence that
more attention should be paid to the role of soil in P
release to plants.
b) The Index System.  Further changes need to be made in
this area.  There appears to be considerable scope for
changing the break-points in the Index System. Possible
amendments would be to reduce the top of Index 3 from
ten to eight and the top of Index 2 from six to five.
Another approach may be to reduce the number of
Indices.  However, it is still too early to carry out these
changes. This trial needs to be conducted for a further
two/three years, in order to determine the effect that
soil P, as opposed to fertiliser P, has on cow
performance.  This trial will be completed in the
autumn of 2001.
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The Teagasc agronomic recommendations for phosphorus (P)
application to land which were published in their final form in
July 1998 (Teagasc, 1998) have been widely accepted by the
farming community, the Environmental Protection Agency, the
fertiliser industry and the Universities.  They have been very
successful in that phosphorus is now being applied to match
stocking rates and farming systems on many farms.  This fine-
tuning of the P advice has resulted in a 20% reduction in P
usage, from 65,000 tonnes in 1996 to 49,000 tonnes in 1998
(Department of Agriculture, 1999).
In the course of the P debate many issues were raised and the
narrowness of the information base for advice on sustainable P
usage became obvious.  For instance, the P advice for grazing
was largely based on the analysis of data from one trial, using
beef animals (Herlihy, 1996).  It was decided to conduct further
work on P advice for dairying, using a systems approach.
Phosphorus research is, by its nature long term, and
phosphorus changes in the soil occur very slowly.  The work
reported here is the end of the first phase of a long term trial
using the dairy herd at Johnstown Castle.
To understand the basis of this trial, it is necessary to elucidate
the logic behind the current recommendations.  The current P
advice is based around three principles:
1.   Achieve the target soil P levels
2.   Maintain the P status by replacing P removed with fertiliser   
phosphorus
3.   Monitor soil P levels by frequent testing
1.  Achieve the target soil phosphorus levels
When soils are tested for P at Johnstown Castle they are
categorised into a P Index System depending on soil P status
(Table 1).  In Index 1, the soils have a very low P status, while at
Index 4, there is excessive soil P for grassland.   Herlihy et al
4
INTRODUCTION
BACKGROUND
(1996) concluded that for intensive agriculture, Index 3 was the
target soil P level.  This conclusion was based on an analysis of
a 30 year old trial conducted at Johnstown Castle.  For less
intensive systems it has been agreed that Index 2 soil has a
sufficiently high soil P status for the level of production
required.
2.  Maintaining soil P status
Culleton et al. (1997) calculated the phosphorus removed by
dairying and drystock systems and these have formed the basis
of the fertiliser advice i.e. at stocking rates of 2.1 – 2.5 cows/ha
the net P removals are approximately 13kg P/ha and this is
actually the amount of fertiliser P that is recommended.  P
status is maintained by replacing removals.  As stocking rate
and/or milk yields increase the P removals increase and so, too,
do the recommendations.  Bertilsson and Forsberg (1997) used
similar methodology.
3.  Monitor soil P levels
One of the main reasons for soil testing and analysis is to
monitor soil fertility on a long term basis.  The current
recommendations are reasonably well focused.  It is possible
that for some soils and in some situations, they may not always
be correct.  Frequent soil testing is the most reliable method of
checking that fertiliser strategies are correct.  If soil analysis
every three to four years indicates increasing soil P status, it is
clear that too much fertiliser is being applied.  Similarly, if soil
analysis reveals a continuing decline in soil P levels, too little
fertiliser is being applied.  In either case the soil analysis results
suggest that modifications are required in the rates of fertiliser
application.
5
Table 1: Soil Phosphorus Index System.Index Soil P mineral soil (mg/l) Soil P peat (mg/l)1234
0.0- 3.03.1 - 6.06.1 - 10.0Above 10
0.0 - 10.011.0 - 20.021.0 - 30.0Above 30
In the 1998 revision of P advice the main advance that was
made over the old system was in matching recommendations
with farming systems and from a sustainability view point, it is
difficult to find fault with recommendations that match offtakes
with inputs, provided codes of practice for spreading are
adhered to.  In the long term, it may be possible to take more
account of the contribution of soil P, but in the immediate
future the maintenance approach, with very definite cut-off
points beyond which no P is applied is likely to remain the main
strategy for P application.
In the 1998 revisions there were no changes made in the Index
System or to the break-points in the system.  It is difficult to
compare break-points in Index Systems from various countries,
because of differing soil P test procedures used.  However, when
compared to the UK recommendations for grazing, the break-
point after which no fertiliser P is required is considerably lower
than in Ireland (MAFF).  In New Zealand (Anon 1998) the break-
points beyond which no P is applied is very variable, depending
on soil type, but for many soil types it is lower than in Ireland.
For silage cutting there is clear evidence that silage yields did
not respond to soil P levels beyond Index 2 (Tunney et al. 1996).
Thus, it is clear that there are still many questions to be raised
about the Index System.  The object of this work is to report on
experiments being conducted on the dairy farm at Johnstown
Castle, which are investigating the responses in production of a
dairy system being conducted on soils with differing P indices.
There were two objectives to the work reported here.  The first is
to examine the responses to P in a small plot trial with frequent
cutting.  The second objective is to run three herds of cows that
are managed in a similar fashion on three separate farmlets that
differ only in soil P status.  The target is to have maintenance
dressings of fertiliser P to be the same for all three herds.
Unfortunately, it is difficult to achieve differing soil P status on
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OBJECTIVES OF TRIALS
parts of the same farm.  Therefore, the trial was divided into two
phases.  In Phase 1 soils with differing soil P status was
achieved by differing the rates of P application.  Once this phase
is completed, phase two, which is the application of
maintenance P on all three soils with differing P status
commences.  Phase one is now complete and this report is
concerned with results up to the completion of Phase 1.
Small plot work
Two small plot trials were set up in spring 1995.  Trial A was on
a 20 year old, predominantly perennial ryegrass sward, on a
gley type soil with fine, loamy texture and imperfect drainage.
The second trial was on a two year old perennial ryegrass sward
on a light clay soil classified as a coarse loam that is moderately
well drained.  In each trial there were four Treatments 0, 15, 30
and 45 kg p/ha with four replications laid out in a randomised
block design.  The plot size was 2m x 10m.  Plots were cut at
approximately 4-5 week intervals and D.M. yields/ha
calculated.  Nitrogen was applied in February of each year and
after each harvest at a rate of 40 kg/ha.
Large scale trial
Paddocks were divided into three separate and discrete
treatments.  The objective at the commencement of the trial was
to have Treatments with soil P levels in Indices 1, 2 and 3
categories for Treatments 1, 2 and 3 respectively.
In order to achieve these Indexes no P was applied to Treatment
1 for five years.  In Treatment 2, maintenance levels of 14kg
P/ha was applied while in Treatment 3, 28kg P/ha was applied
for each of four years.  At the end of 1998 the desirable soil P
levels were achieved and in 1999 only maintenance dressings
was applied to all three treatments.
Herds of 21 cows were assigned to each treatment.  Grazing and
silage harvesting were carried out within each treatment and all
the slurries generated by each treatment were stored separately
and returned to the land where the silage was cut.  Slurry was
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MATERIALS AND METHODS
spread in March and followed the guidelines laid down by the
Teagasc Code of Good Practice.  Stocking rates on all three
treatments were 2.5 cows/ha.  The grazing management used
was rotational grazing, with mobile forward and back fences,
and followed the principles that have been laid down by
Teagasc, at Moorepark Dairy Research Centre.  In November of
each year, the soils were sampled and tested for P status.  In
spring of each year, the cows were re-randomised according to
milk yields, and age, and assigned to one of the three
treatments.  Nitrogen was applied throughout the year and total
N used was 250 kg N/ha and was similar for the three
treatments.
Small plot results: The two small plot trials (one on ‘heavy’ soil
and one on ‘light’ soil) were cut at 4-5 week intervals in 1995,
1996, 1997 and 1998.  The soil P status was determined at the
commencement of the trial and was monitored annually.  The
results of the soil P status for the heavy soil are summarised in
Table 2.
When no P was applied, there was a reduction in Morgan’s P
over the period of 1.6 mg/l.  When 15 kg P/ha was applied
Morgan’s P dropped by one Morgan’s P unit.  At 30 kg P/ha,
there was little evidence of movement in soil P status.  When 45
kg P/ha was applied, soil P levels rose from 4.4 to 7.1 mg/l.
The data for the soil P status on the ‘light’ soil are summarised
in Table 3.
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RESULTS AND DISCUSSION
Table 2: Soil P status (mg/l, Morgan's extract) in 1994/95, 1995/96,1996/97, 1997/98, 1998/99 in the 'heavy' soilFertiliser Application S . E . D . S i g n i f i c a n c e(kg P/ha)0 15 30 451994/19951995/19961996/19971997/19981998/1999
4.44.63.03.22.8
4.44.53.23.83.4
4.45.93.96.44.7
4.46.14.87.27.1
0.650.520.690.5
N.S.xxxxxxx
When no P was applied the P levels dropped from 3.1 to 1.4
mg/l.  When 15 kg P/ha was applied soil P levels dropped by
0.7 of one unit.  When 45 kg P/ha was applied, P levels rose by
one Morgan’s P unit.
The dry matter yields and the phosphorus offtakes for all years
of the trial on the heavy soil are summarised in Tables 4 and 5.
There were little or no differences between Yields.  Despite the
fact that P status was very low in the zero P treatment there
were no significant responses to applied P.  There were highly
significant differences in P offtakes.  Almost 40 kg P/ha were
removed from P45 treatment in year 4, while there was 30.4 kg
removed in the P0 treatment.  Even though the soil P status in
the P0 treatment was at Index 1, the soil still supplied
significant amounts of P.  It should be pointed out that in year 1
the P removed in the P0 treatment was 40 kg and this decreased
to 30 kg in year 4.  This was due to reduced levels of P in the
herbage.
The dry matter yields and P offtakes for the light soils are
summarised in Tables 6 and 7.  In general terms, the results
were similar to those recorded for the heavy soils, in that there
were no consistently significant differences between treatments.
As in the heavy soil, there were significant differences in P
offtakes, in that as fertiliser P levels increased, so too did the P
offtakes.  In the P0 treatment the soil was still supplying 21kg of
P/ha, after 4 years of harvesting, during which 112kg of P/ha in
total was removed.
9
Table 3: Soil P status (mg/l, Morgan's extract) in 1994/95, 1995/96,1996/97, 1997/98, 1998/99 in the 'light' soil.Fertiliser Application S . E . D . S i g n i f i c a n c e(kg P/ha)0 15 30 451994/19951995/19961996/19971997/19981998/1999
3.12.11.41.91.4
3.12.62.32.82.4
3.12.62.13.32.6
3.13.22.94.24.1
0.320.350.370.29
N.S.XxxXxxXxx
These results are consistent with the results already published
for silage by Tunney (1996).  After four years at quite low soil P
levels in both light and heavy soil, there were no responses to P.
This trial, which is part of the larger trial that is ongoing in the
dairy, will continue for at least three more years.  However,
these results do suggest that the current Teagasc
recommendations may well be a little high and do not take into
account the phosphorus reserves in the soil.  Roberts et al.
(1994) have recently suggested a similar phenomenon in New
Zealand.  
Systems trial: The objective of this trial was to determine the
minimum soil P level, at which it is possible to get optimum
production.  With that in mind, various rates of P were applied
to generate differences in soil P levels. There were three herds of
21 cows each.  Each self-contained herd was managed on soils
where it was intended to have differing soil P levels.  In the
course of the four years of the trial, the soil P levels changed.
Table 8 summarises the mean soil P levels in each Treatment.
At the end of the four-year period the soil P levels in Treatments
1, 2 and 3 were in Indices 1, 2 and 3, respectively.
10
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Table 4: Dry matter yields (t/ha) on heavy soil.Year 1 0 15 30 45 Mean SED Sig11th April 0.696 0.493 0.548 0.578 0.579 0.057 *8th May 1.568 1.690 1.694 1.530 1.621 0.140 ns9th June 1.662 1.794 1.980 1.930 1.841 0.132 ns6th July 1.621 1.484 1.487 1.424 1.504 0.146 ns1st August 1.889 1.822 1.847 2.006 1.891 0.070 ns28th August 0.730 0.802 0.734 0.784 0.763 0.063 ns3rd October 1.358 1.326 1.379 1.364 1.357 0.046 ns5th November 1.072 0.970 1.046 1.000 1.022 0.060 nsTotal 10.596 10.382 10.714 10.615 10.577 0.232 nsYear 225th April 1.758 1.853 1.794 1.967 1.843 0.084 ns28th May 1.544 1.529 1.792 1.693 1.640 0.100 ns27th June 3.267 3.125 3.040 3.293 3.181 0.123 ns22nd July ab ab ab ab ab27th August 1.841 1.999 1.705 1.940 1.871 0.172 ns25th September 0.662 0.779 0.732 0.841 0.753 0.072 ns6th November 0.482 0.509 0.503 0.525 0.505 0.051 nsTotal 9.554 9.793 9.566 10.279 9.793 0.275 nsYear 314th April 3.281 3.411 3.591 3.431 3.429 0.159 ns20th May 1.568 1.645 1.621 1.683 1.629 0.066 ns18th June 2.285 2.207 2.452 2.239 2.269 0.135 ns1st August 2.678 2.651 2.705 2.595 2.657 0.106 ns8th September 1.866 1.874 1.830 1.827 1.847 0.092 ns7th October 1.051 1.151 1.137 1.173 1.128 0.035 *5th November 0.236 0.260 0.261 0.248 0.252 0.024 nsTotal 12.970 13.190 13.600 13.200 13.240 0.367 nsYear 425th March 1.158 1.325 1.512 1.545 1.385 0.171 ns27th April 1.015 1.163 0.973 1.046 1.050 0.083 ns21st May 1.500 1.513 1.420 1.484 1.479 0.102 ns22nd June 2.036 2.068 2.130 2.274 2.127 0.089 ns27th July 1.223 1.430 1.357 1.422 1.358 0.100 ns26th August 1.117 1.071 1.260 1.172 1.155 0.195 ns15th October 2.144 2.278 2.143 2.224 2.197 0.093 nsTotal 10.190 10.850 10.790 11.170 10.570 0.353 ns
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Table 5: P offtakes (kg/ha) over a 4 year period on heavy soil.Year 1 0 15 30 45 Mean SED Sig11th April 2.31 1.83 2.47 2.87 2.37 0.331 ns8th May 5.89 6.45 6.95 6.79 6.52 0.544 ns9th June 6.20 6.60 7.59 7.99 7.10 0.476 *6th July 4.66 4.36 4.50 4.58 4.52 0.538 ns1st August 7.64 7.98 8.80 8.82 8.31 0.603 ns28th August 2.20 2.53 2.41 2.64 2.45 0.294 ns3rd October 5.90 5.79 6.35 6.34 6.09 0.472 ns5th November 5.26 4.98 6.09 5.60 5.48 0.341 *Total 40.06 40.52 45.16 45.64 42.85 1.721 *Year 225th April 7.16 9.16 9.47 11.39 9.30 0.865 **28th May 4.69 5.15 6.87 6.42 5.78 0.494 **27th June 9.52 9.31 10.10 11.42 10.09 0.373 ***22nd July ab ab ab ab ab27th August 5.47 6.60 6.08 6.77 6.23 0.596 ns25th September 1.90 2.31 2.44 2.90 2.39 0.187 **6th November 2.16 2.36 2.58 2.79 2.47 0.264 nsTotal 30.90 34.89 37.55 41.69 36.26 1.469 ***Year 314th April 10.39 12.88 14.53 15.62 13.36 0.692 ***20th May 4.79 5.70 6.63 7.15 6.07 0.263 ***18th June 7.71 8.63 10.74 10.50 9.39 0.661 **1st August 8.95 10.29 11.40 10.24 10.22 1.119 ns8th September 6.37 7.36 7.97 8.08 7.45 0.437 *7th October 3.91 4.83 5.47 6.10 5.08 0.354 ***5th November 1.00 1.22 1.26 1.27 1.19 0.125 nsTotal 43.11 50.90 58.00 58.97 52.75 2.025 ***Year 425th March 3.75 5.34 6.61 7.10 5.70 0.912 *27th April 3.16 4.32 4.05 4.71 4.06 0.366 *21st May 3.89 4.63 5.14 5.77 4.86 0.468 *22nd June 5.00 5.54 6.78 7.35 6.17 0.469 **27th July 3.35 4.29 4.56 5.33 4.38 0.446 *26th August 3.94 4.40 5.17 5.41 4.66 0.909 ns15th October 7.36 8.79 9.70 10.85 9.17 0.627 **Total 30.44 37.02 42.00 46.53 39.00 1.860 ***
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Table 6: Dry matter yields (t/ha) over 4 years on light soil.Year 1 0 15 30 45 Mean SED Sig11th April 1.221 1.256 1.281 1.229 1.247 0.087 ns8th May 1.932 1.986 2.044 2.123 2.021 0.211 ns9th June 1.441 1.590 1.614 1.553 1.550 0.146 ns6th July 2.350 2.458 2.383 2.455 2.412 0.162 ns1st August 1.275 1.282 1.361 1.443 1.340 0.088 ns28th August 0.899 1.035 0.997 1.015 0.986 0.108 ns3rd October 1.506 1.579 1.613 1.629 1.582 0.129 ns5th November 1.039 0.995 1.090 1.022 1.037 0.035 nsTotal 11.660 12.180 12.380 12.470 12.170 0.605 nsYear 225th April 0.992 1.278 1.476 1.412 1.289 0.073 ***28th May 2.028 2.089 2.030 2.097 0.107 0.107 ns27th June 2.892 2.833 2.897 2.995 0.107 0.107 ns22nd July 1.265 1.334 1.375 1.355 0.067 0.067 ns27th August 1.881 1.983 2.090 1.997 0.139 0.139 ns25th September 0.897 0.929 0.987 0.944 0.063 0.063 ns6th November 0.590 0.606 0.628 0.668 0.033 0.033 nsTotal 9.280 9.720 10.110 10.110 9.810 0.286 nsYear 314th April 2.706 3.129 3.103 3.229 3.042 0.140 *20th May 2.010 1.851 2.067 1.926 1.964 0.088 ns18th June 2.116 2.414 2.346 2.338 2.304 0.180 ns1st August 2.529 2.636 2.482 2.476 2.531 0.145 ns8th September 1.580 1.650 1.654 1.622 1.627 0.097 ns7th October 1.037 1.099 1.149 1.147 1.108 0.049 ns5th November 0.168 0.213 0.204 0.229 0.204 0.018 *Total 12.150 12.990 13.000 12.970 12.780 0.371 nsYear 425th March 0.477 0.759 0.981 1.010 0.807 0.085 ***27th April 1.139 1.405 1.369 1.321 1.321 0.078 *21st May 1.490 1.545 1.451 1.478 1.478 0.050 ns22nd June 2.011 2.126 2.152 2.064 2.064 0.104 ns27th July 1.400 1.435 1.404 1.401 1.401 0.950 ns26th August 1.184 1.138 1.196 1.160 1.160 0.061 ns15th October 1.866 1.899 1.993 1.936 1.936 0.130 nsTotal 9.567 10.306 10.217 10.579 10.167 0.221 **
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Table 7: P offtakes over a 4 year period on light soil.Year 1 0 15 30 45 Mean SED Sig11th April 3.59 4.19 5.15 5.01 4.49 0.523 *8th May 6.31 7.29 7.77 8.51 7.47 0.562 *9th June 4.02 4.88 5.17 5.31 4.85 0.494 ns6th July 5.49 6.03 5.72 6.02 5.82 0.471 ns1st August 3.79 4.01 4.42 4.87 4.27 0.332 *28th August 2.09 2.61 2.37 2.47 2.38 0.224 ns3rd October 4.42 4.84 5.23 5.38 4.97 0.412 ns5th November 3.91 4.16 4.47 4.45 4.25 0.185 *Total 33.62 38.00 40.31 42.03 38.49 1.337 ***Year 225th April 2.37 4.53 6.31 6.84 5.01 0.413 ***28th May 4.81 5.61 6.50 7.36 6.07 0.411 ***27th June 6.93 7.44 8.19 8.81 7.84 0.301 ***22nd July 2.63 3.16 3.65 3.78 3.30 0.256 **27th August 4.64 5.45 6.80 6.78 5.92 0.341 ***25th September 2.13 2.63 2.83 3.31 2.71 0.152 ***6th November 2.08 2.63 2.83 3.31 2.71 0.152 ***Total 25.60 31.36 37.20 39.98 33.54 0.871 ***Year 314th April 6.53 10.75 12.14 13.28 10.67 0.550 ***20th May 5.31 5.99 7.55 7.61 6.62 0.342 ***18th June 6.07 8.16 9.16 9.53 8.23 0.579 ***1st August 6.44 8.10 8.68 9.05 8.07 0.657 *8th September 3.79 4.90 5.59 6.48 5.19 0.425 ***7th October 2.91 3.60 4.19 4.85 3.89 0.190 ***5th November 0.57 0.83 0.84 1.11 0.84 0.067 ***Total 31.63 42.32 48.15 51.92 43.50 1.576 ***Year 425th March 1.04 2.42 3.81 4.43 2.92 0.457 ***27th April 2.37 4.12 4.85 5.56 4.23 0.395 ***21st May 3.17 4.31 4.56 5.26 4.33 0.202 ***22nd June 3.58 4.47 5.36 6.61 5.01 0.521 **27th July 2.91 3.38 3.67 4.46 3.60 0.219 ***26th August 3.17 3.60 3.96 4.73 3.87 0.199 ***15th October 4.98 5.98 6.83 7.74 6.38 0.566 ***Total 21.22 28.28 33.04 38.79 30.33 0.895 ***
Silage
The first and second cut silages were harvested and yielded in
each year from each treatment.  The results are summarised in
Table 9.
While the low P soils, in Treatment 1 tended to sometimes
result in lower yields than those yields recorded in Treatments
2 and 3, the results were not consistently significant.  These
agree with the results published by Tunney (1996).  The P
status of the herbage in the various years are summarised in
Table 10.
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Table 8: Soil P levels (mg/l) over a four year period.Treatment 1 Treatment 2 Treatment 3Jan Year 1Jan Year 2Jan Year 3Jan Year 4Nov Year 4
5.35.03.93.23.0
8.28.06.45.65.0
10.510.39.49.88.8
Table 9: Silage yields for first and second cuts (kg DM/ha) over a 4year period. Cut 1 Cut 2Year Year1 2 3 4 1 2 3 4Treatment 1Treatment 2Treatment 3L.S.D (P=0.05)
582760885989530
543657436115720
457154055536700
499357205586800
300529503288690
342331463561540
359537784200390
406244604539650
Table 10: Herbage P levels (P g/kg) in first and second cuts over thefour year period.Cut 1 Cut 2Year Year1 2 3 4 1 2 3 4Treatment 1Treatment 2Treatment 3L.S.D (P=0.05)
2.53.63.80.2
2.52.72.90.2
3.03.33.70.3
1.92.53.10.5
2.32.42.50.5
2.22.42.60.6
2.82.93.40.4
2.73.13.20.2
While soil P levels and/or fertiliser P had very little effect on
herbage yield, they did have an effect on P status in herbage.
The herbage in Treatment 1 had significantly lower herbage P
levels than other Treatments.  This resulted in lower P off-takes
in Treatment 1 than in Treatments 2 and 3.
The silage from the differing treatments was stored and fed
separately to the cows in each treatment and slurries produced
from the separate treatments were analysed.  The results are
presented in Table 11.
As the soil P status declined in Treatment 1, so too did the P
levels in the slurry.  In year 4, soil P status was in Index1 and
in this index phosphorus in the slurry is less available to the
grass roots than P in slurry applied to soil at higher soil indices
(Teagasc, 1994).  Thus, there are two factors that need to be
taken into consideration, 1) In the low P Treatment, the slurry P
status is low and the amounts of P recycled is less.  It is
calculated that when slurry is returned at a rate of 33 m3/ha,
approximately 9.6 kg P/ha is returned via the slurry.  In the
high P Treatment, when the P content of slurry is high,
approximately 12 kg P/ha is returned via slurry applied at a
rate of 33 m3/ha.  2)  The P that is recycled via the slurry to
soils in Index 1, is taken up and fixed in the soil, and is less
available to plants, than P that is returned to soils with a higher
P index.
Grazed grass growth patterns were broadly similar for all
treatments, although there is some suggestion that in the low P
treatment grass was a little slower to commence growing in
Spring.  O’Keefe et al. (1999) reported similar findings.  Table 12
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Table 11: Phosphorus status (mg/l) in slurry generated from thevarious P treatments.Year 1 Year 2 Year 3 Year 4Treatment 1Treatment 2Treatment 3 0.640.650.66 0.630.660.68 0.620.660.70 0.600.690.73
summarises the mean herbage on offer on the 3 farmlets.  The
lack of a very strong response to applied P in this trial is in
marked contrast to previous findings (Murphy, 1977, Power,
1963).  This is one key area of research, and is currently being
investigated in more detail.
Phosphorus content in herbage on offer
In the first two years of the trial, when soil phosphorus in all
treatments did not greatly differ, fertiliser P had no significant
influence on levels of herbage P.  In year 3 and year 4, as
differences in soil P widened and differences in fertiliser P
application remained, differences in the P status of herbage
began to emerge.  Table 13 summarises the data.
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Table 12: Mean herbage on offer (kg/ha) on three farmlets withdiffering soil P levels.Year 1 Year 2 Year 3 Year 4Treatment 1Treatment 2Treatment 3L.S.D. (P=0.05)
10039981211700
89812981369672
111011671197537
111010971230650
In years 3 and 4, P levels in herbage in Treatment 1 were
consistently significantly lower than the P levels in herbage in
Treatments 2 and 3.  It is not clear, whether this was due to the
fertiliser P or the soil P.  As the second phase of this trial
progresses the influence of the maintenance fertiliser P as
opposed to soil P should become clear.
The phosphorus requirements of lactating cows varies
considerably depending on milk yield, herbage intake, stage of
lactation, Ca:P ratio and cow weight, but in general terms
somewhere between 3.5 and 4.0 g/kg DM is usually adequate to
meet the requirements of all but the highest yielding cows.
(ARC, 1988).  The P content of the herbage in treatments 2 and
3 should be adequate for cow nutrition for most of the year.
However in Treatment 1 which had a soil level of 3.0 and
received no maintenance dressing in year 4, P levels were
consistently below 3.0 g/kg, which is below the nutritional
requirements of lactating cows.
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Table 13: Effects of soil phosphorus and fertiliser phosphorus on Pcontent in herbage (g/kg) over a four year period.April June August SeptemberYear 1 Treatment 123L.S.D. (P=0.05)Year 2 Treatment 123L.S.D. (P=0.05)Year 3 Treatment 123L.S.D. (P=0.05)Year 4 Treatment 123L.S.D. (P=0.05)
4.13.73.80.63.23.23.50.33.74.14.40.42.83.43.60.2
3.74.44.50.63.43.43.30.43.43.44.30.62.72.94.00.2
3.23.33.50.53.43.63.60.53.13.53.20.52.52.82.80.3
3.53.63.50.43.23.33.40.43.03.43.80.32.63.12.90.3
Milk Yields
Milk yields per cow are summarised in Table 14.  There were no
significant differences in milk yield between treatments in any
of the four years.  This is reflected in the lack of differences in
grass growth or seasonality.  The reduced herbage P levels in
years 3 and 4 were not reflected in milk yields.
Over the four year period phosphorus treatments had not a
significant influence on milk composition.  The levels in 1998
are summarised in Table 15.  The milk in the low soil P
treatment was slightly lower in P content than the P content in
milk in the other treatments, although this was not significant.
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Table 14: Effects of phosphorus on milk yields per cow (l/kg) over afour year period.Year 1 Year 2 Year 3 Year 4Treatment 1Treatment 2Treatment 3 514153575237 523354165398 555453955391 515651925114
Table 15:    Effects of phosphorus on milk composition in 1998.% Butterfat % Protein % Lactose P (m mol/l) Ca (m mol/l)Treatment 1Treatment 2Treatment 3 4.043.823.92 3.343.423.40 4.504.544.54 1.381.511.48 2.222.302.31
The influences of the level of phosphatic fertiliser and soil
phosphorus on cow weights and body scores are summarised in
Table 16.  In the first two years of the trial, there were no
differences between treatments.  In year 4, there is some
suggestion that cow weights were slightly lower in the low P
treatment than they were in the other treatments.   Body scores
were very erratic, but again there was some slight indication
that in general that cows were a little thinner in the low P
treatment than they were in treatments two and three.
These are some of the few indications that the low P treatment
was beginning to have an influence on animal performance.
One of the weaknesses of this trial was that the cows were re-
randomised each spring.  Cows were not allowed to remain in
the same treatment for their entire life.  This therefore is not
similar to a farm situation, where the cows are kept on the
same treatments for their productive life.  This trial did not
subject cows to low P swards for longer than one lactation.
By year 4, the low P treatment had become somewhat extreme,
in that the low soil P was at 3.0 – 3.1 and no phosphatic
fertiliser was applied at all.  In reality, at this level of soil P a
considerable quantity of fertiliser P would be spread as a matter
of routine.  In 1999, and subsequent years, it is planned to
spread maintenance dressings of P, i.e. 14 kg P/ha to all three
treatments.
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Table 16: The Influence of soil phosphorus and fertiliser phosphoruson cow weights and body scores.Year 1 Year 1 Year 2 Year 3 Year 4Treatment 1
Treatment 2
Treatment 3
Body wt at turnout (kg)Body wt in Sept. (kg)Body score in Sept.Body wt at turnout (kg)Body wt in Sept. (kg)Body score in Sept.Body wt at turnout (kg)Body wt in Sept. (kg)Body score in Sept.
525534-517523-534525-
5355452.895305402.705405502.88
5415772.905455853.05435833.0
5785352.665855802.865765832.85
The calcium and phosphorus levels in the bloods of the cows in
the varying treatments were also recorded and the results are
presented for year 4 of the trial (Table 17).  Differences between
treatments were very slight.
Finally, at the end of this phase of the work, the target soil P
levels have been attained, and in 1999, 2000 and 2001 these
soil levels will be maintained by using fertiliser P to replace the P
removed by the cows. 
21
Table 17: Effects of soil phosphorus and fertiliser phosphorus onmean calcium and phosphorus levels in blood (m mol/l).March 24 October 15P Ca P CaTreatment 1Treatment 2Treatment 3 1.451.501.44 2.472.412.44 1.601.651.58 2.542.492.54
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